This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



THIS PACE BUNK (usfto) 



***** 



© Publication number: 



0 531 547 A1 



©• EUROPEAN PATENT APPLICATION . 

published in accordance with Art* 
158(3) EPC 

© Application number: 92907616.4 © Int. CI. 5 : A61 L 27/00 

© Date of filing: 27.03.92 

© International application number: 
PCT/JP92/00373 



© International publication number: 
WO 92/17218 (15.10.92 92/26) 



© Priority: 29.03.91 JP 66070/91 


© Applicant: VASCULAR GRAFT RESEARCH 


@ Date of publication of application: 


CENTER CO., LTD. 


16-13, Kitakasai 1-chome 


17.03.93 Bulletin 93/11 


Edogawa-ku, Tokyo 134(JP) 


© Designated Contracting States: 


@ inventor: OKUOA, Yasuhiro Vascular Graft 


AT BE CH DE DK ES FR GB GR IT LI LU NL SE 


Research Center Co., Ltd. 1-3, Shimaya 




1-chome 




Konohana-ku Osaka-shi Osaka 554{JP) 




© Representative: Hansen, Bernd, Dr.rer.nat et 
al 




Hoffmann, Eitle & Partner Patentanwalte 




Arabellastrasse 4 Postfach 81 04 20 




W-8000 Munchen 81 (DE) 



© COMPOSITE ARTIFICIAL BLOOD VESSEL 



© An artificial blood vessel comprising a tube 
made from a porous synthetic polymer and. covalen- 
tly bonded to the surface of the tube via a hydroxyl, 
carboxyl, epoxy or amino group, a pEotal^or peptide 

-~ having an activity of cell adhesion and growth. It is 
possible to form a stable composite of a substance 

r-s, having a tissue inducing activity uniformly on the 
surface of the porous polymer material through 

^ covalent bonds without deforming the material, to 
form the tunica intima rapidly without inducing pri- 
mary thrombus, and to maintain the formed tunica 

^ stably for long. 
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FIELD OF THE INVENTION 

The present invention relates to an artificial 
blood vessel " used for treatment of diseases in 
aortas, coronary arteries, peripheral blood vessels 5 
and the like. 

PRIOR ART 

Hitherto, a tube of a woven or knitted fabric of w 
polyester fibers or expanded poly- 
tetrafluoroethylene (hereinafter referred to as 
"EPTFE") is used as an artificial blood vessel. The 
EPTFE tube is practically used in a smaller diam- 
eter range than the polyester tube, since poly- /5 
tetrafluoroethylene itself is excellent in an anti- 
thrombotic property and a porous structure com- 
prising fibers and nodes which is obtained by 
drawing is excellent in biocompatibility. 

However, EPTFE is not necessarily satisfactory 20 
in the antithrombotic property. In the case of an 
artificial blood vessel having an inner diameter of 6 
mm or less, in particular 4 mm or less, a sufficient 
patency ratio is not achieved. To solve this prob- 
lem, the following methods have been studied: (1) 25 
improvement of an anti-thrombotic property of a 
material itself, (2) imparting an anti-thrombotic 
property to an artificial blood vessel by forming an 
intima through induction of a tissue in an early 
stage after grafting the artificial blood vessel and 30 
(3) seeding vascular endothelial cells having a 
good anti-thrombotic property on an inner wall of 
the artificial vessel. 

Concretely, as the method (1), a development 
of an anti-thrombotc polymer material having a 35 
microphase separation structure or an anti-throm- 
botic agent-immobilized material is discussed (cf. 
Noishiki et al, Trans. A. S. A. I. 0., 23. 253 (1977). 
etc.) Though such anti-thrombogenic materials can 
prevent the formation of thrombuses immediately <*o 
after grafting, after a long term from the grafting, 
the thrombi are formed so that the vessel is oc- 
culuded. 

As the method (2), is proposed an artificial 
blood vessel on which a cell-adhering protein such 45 
as collagen and fibronectin is coated and immo- 
bilized by crosslinking (cf. C. H. Lundgren et at 
Trans. A. S. A. I. 0.. 32 346 (1986), etc.). Since the 
thrombus tends to adhere due to the coating of the 
protein in such artificial blood vessel, the patency so 
ratio greatly decreases. Then, an artificial blood 
vessel to which an anti-thrombotic agent such as 
heparin is further composited is proposed, but suf- 
ficient patency is not achieved. If the patency is 
maintained, the artificial blood vessel does not 55 
have sufficient properties after a long time, since 
the patency ratio decreases due to thickening or 
peeling-off of the formed intima. 



As the method (3), a method for seeding the 
vascular endothelial cells on the inner wall of the 
artificial vessel is studied (cf. Takagi et ai, JIN- 
KOZOKl (Japanese Journal of Artificial Organs), 17, 
679 (1988), Japanese Patent Kokai Publication No. 
170466/1989, etc.) However, it lacks immediate use 
since it takes a long time for collecting and cultur- 
ing the vascular endothelial cells. In addition, stabil- 
ity and functions of the seeded endothelium are not 
complete and no good patency ratio is achieved. 

As explained above, ttie prior arts cannot pro- 
vide an artificial blood vessel which maintains a 
good patency ratio for a long time from the initial 
stage of the grafting. 

SUMMARY OF THE INVENTION 

As a result of the study on an artificial blood 
vessel in which an intima can be formed thereon 
quickly after grafting, the formed intima will be 
present stably and have a good patency ratio for a 
long time and an initial patency is good, it has 
been found that an artificial blood vessel, to which 
a protein or a peptide having ceil adhesion and 
growth functions is covalently bonded through 
hydroxy! groups, carboxyl groups, epoxy groups or 
amino groups which are introduced on a surface of 
a porous synthetic polymer material by a physical 
or chemical treatment, is excellent in initial patency 
after grafting, an intima is quickly formed thereon, 
and the formed intima will be present stably for a 
long time" without thickening or peeling-off of the 
formed intima so that a good patency continues. 
Thereby, the present invention has been complet- 
ed. 

Accordingly, the present invention provides an 
artificial blood vessel comprising a tube of a porous 
synthetic polymer on a surface of which a protein 
or a peptide having cell adhesion and growth func- 
tions is covalently bonded through hydroxyl 
groups, carboxyl groups, epoxy groups or amino 
groups. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a scanning electron microphotograph of 
an inner surface of the artificial blood vessel of 
Example 1 comprising EPTFE to which 
gelatinated atelocollagen is chemically bonded, 
Fig. 2 is a scanning electron microphotograph of 
an inner surface of the conventional artificial 
blood vessel of Comparative Example 2 com- 
prising EPTFE to which gelatinated atelocol- 
lagen is coated and crosslinked using glutaral- 
dehyde, and 

Fig. 3 is a scanning electron microphotograph of 
an inner surface of the untreated EPTFE artificial 
blood vessel of Comparative Example 1. 
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DETAILED DESCRIPTION OF THE INVENTION 



As the porous synthetic polymer material used 
in the artificial blood vessel of the present inven- 
tion, a polyester woven or knitted fabric tube and a 
EPTFE tube which give satisfactory results are 
preferred since they have sufficient strength as the 
artificial blood vessel, are not decomposed or dete- 
riorated in an organism and have no toxicity. 
Among them, the EPTFE tube is particularly pre- 
ferred, which has a microporous structure compris- 
ing fibers and nodes, a high porosity and good 
compatibility with the tissue. 

To form the intima in an early stage and main- 
tain the formed intima stably, it is necessary to 
introduce the tissue or blood capillaries in the po- 
rous material. To this end, the porosity of the 
porous synthetic polymer material is at least 50 %, 
preferably at least 70 %. 

For the same reason, a pore diameter is prefer- 
ably at least 20 am. In particular, in the case of 
EPTFE, the pore diameter is preferably from 20 to 
200 am. 

A ratio of an area of the synthetic polymer 
material which occupies the inner surface contact- 
ing a blood stream in the artificial blood vessel is 
from 15 to 80 %, preferably from 25 to 55 %. This 
area ratio can be determined using a scanning 
electron microscope. When the area ratio of the 
synthetic polymer material is too high, a contact 
area between the immobilized protein or peptide 
and the blood is too large and a possibility of the 
thrombus formation becomes high so that the initial 
patency ratio decreases. When the area ratio of the 
synthetic polymer material is too low, the accelera- 
tion effect of the immobilized protein or peptide on 
the formation of the intima is not sufficiently 
achieved. 

To introduce the functional groups on the sur- 
face of the synthetic polymer material, there may 
be used a chemical treatment, or a physical treat- 
ment such as radiation exposure with a y-tay or an 
electron beam and treatment with corona discharge 
or glow discharge. A suitable method is selected 
according to the polymer material. For example, in 
the case of polyethylene terephthalate (PET) which 
is one of the polyesters, ester linkages are 
hydrolyzed with an acid or an alkali to form the 
carboxyl groups, which are then converted to the 
ester groups, the hydroxyl groups, the amino 
groups or the epoxy groups by known reactions. It 
is possible to carry out graft polymerization by the 
irradiation of UV light or the corona discharging. 

In the case of EPTFE, after defluorination with 
an alkali metal compound, the carboxyl groups, the 
hydroxyl groups, the amino groups, the epoxy or 
the like are introduced in EPTFE by reacting a 
compound having such functional groups. 



Examples of the alkali metal compound are 
methyllithium, n-butyllithium, tert.-butyilithium, 
sodium-naphthalenide, naphthalene-benzophenone. 
vinyllithium and the like. They are used in the form 

s of a solution. Among them, sodium-naphthalenide 
and sodium-benzophenone will form a dark brown 
layer on the EPTFE surface after treatment, and 
cannot treat EPTFE to the porous inner part uni- 
formly. So, methyllithium, n-butyllithium and tert- 

JG butyllithium are preferred to produce the artificial 
blood vessel of the present invention. Since each 
of methyllithium, n-butyllithium and tert.-butyi- 
lithium has a weak force to withdraw the fluorine 
atom, it is necessary to add a chelating agent such 

75 as hexamethylphosphoric triamide or N.N.N.N- 
tetramethylethylenediamine. 

Examples of the compound having the 
hydroxyl group, the carboxyl group, the epoxy 
group or the amino group are glycerol (meth)- 

20 acrylate, 2-hydroxyethyl (meth)acrylate, 2-hydrox- 
ypropyl (meth)acryiate, polyethyleneglycol (meth)- 
acrylate, glycidyl (meth)acrylate. (meth)acrylic acid, 
ailylamine, 2-aminoethyl (meth)acrylate, acrylamide 
and the like. Alternatively, an acid anhydride such 

25 as maleic anhydride is added and then hydrolyzed. 

More specifically, for example, the EPTFE tube 
is dipped in a solution of methyllithium in diethyl 
ether in a nitrogen atmosphere and hexamethyt- 
phosphoric triamide is added to the solution. Then. 

30 the solution containing the tube is kept standing for 
30 minutes at 0 ' C to withdraw the fluorine atoms 
from EPTFE. After removing the solution, a solution 
of acrylic acid in tetrahydrofuran is added and 
reacted at 60 *C for 10 hours. After the reaction, 

35 excessive acrylic acid or its polymer is washed off 
to obtain the acrylic acid-grafted polymer. 

To introduce the functional groups in EPTFE. 
radiation exposure with the 7 -ray or the electron 
beam, or the corona discharge may be used. 8ut, 

40 as is well known, by the radiation exposure treat- 
ment, EPTFE is decomposed to its deep crystalline 
part so that a molecular weight of PTFE is lowered 
and its strength is considerably decreased and 
such EPTFE tube can hardly be used as the artifi- 

45 cial blood vessel practically (cf. G. Morel et al. J. 
Appl. Polym. Sci., 24. 771 (1979)). With the glow 
discharge, it is difficult to treat the deep porous 
part of EPTFE so that only the outer and inner 
surfaces of the tube can be treated. Thereby, it is 

so difficult to immobilize the protein on the pore sur- 
faces in tube wall, and the formation of the tissue 
in the wall or the introduction of the blood cap- 
illaries cannot be accelerated. 

On the contrary, treatment with the alkali metal 

55 compound can make the EPTFE tube to its porous 
inner part uniformly and also to the deep crystalline 
part of EPTFE without decomposing PTFE with a 
depth of about several hundred angstroms from the 
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surface. Therefore, the strength is not decreased 
and the protein or peptide can be immobilized in 
ail the parts of the porous wall. Consequently, it is 
desirable to treat the porous polymer material with 
the alkali metal compound for the production of the 
composite artificial blood vessel of the present 
invention. 

A method for immobilizing the protein or pep- 
tide may be selected according to the material. 
Preferably, the method is selected so that the 
tissue induction function is not lost by the immo- 
bilization and the protein or peptide is immobilized 
by a bond which will remain without cleavage till 
the intima is formed. For example, with the 
hydroxyl group, the carboxyl group or the amino 
group, the covalent bond is formed by dehydration 
condensation, and with the epoxy group, the cova- 
lent bond is formed by an addition reaction. With 
the hydroxyl group, the protein or peptide is di- 
rectly bonded by the dehydration condensation in 
the presence of carbodiimide as a catalyst or an 
eliminating group such as a trifluoromethanesul- 
fonyl group is introduced to improve the reactivity 
and then such group is reacted with the amino 
group of the protein. With the carboxyl group, the 
protein or peptide is directly bonded using a de- 
hydration condensation catalyst such as car- 
bodiimide, or N-hydroxysuccinimide is reacted to 
introduce an active ester group and improve the 
reactivity and then the active ester group is reacted 
with an amino acid of the protein. 

The surface which is treated by coating and 
cross-linking in the prior arts has unevenness of 
several urn or larger and it is difficult to cover the 
entire surface of the porous synthetic polymer ma- 
terial. When the protein or peptide is immobilized 
according to the present invention, the surface un- 
evenness is less than 50 nm and the pore cavities 
are completely covered. 

As the protein to be composited, cell adhesion 
proteins, endothelial cell growth factors, blood ves- 
sel growth factors and the like are exemplified. 
Among them, collagen, gelatin, albumin, laminin 
and fibronectin are preferred. 

Since the protein or peptide is not covalently 
bonded to the porous polymer in the conventional 
coating-crosslinking type composite artificial blood 
vessel, there are many drawbacks that the coated 
protein or peptide is easily peeled off, uniformity in 
the pores is not sufficient, some parts may not be 
covered or some parts are coated too thick, or 
aggregates of the protein are deposited. Thereby, 
the initial patency ratio is low, the formed intima 
has poor stability and no good patency ratio is 
maintained for a long time. 

The composite artificial blood vessel of the 
present invention comprises a porous synthetic 
polymer material, in particular EPTFE on which 



surface the protein or peptide having the cell adhe- 
sion and cell propagation functions is chemically 
bonded, and such protein or peptide strongly cov- 
ers the whole surface of the porous wall of the 

5 polymer material covalently at a thickness in a 
submicron order. The surface unevenness of the 
composite material is less than 50 nm, and it is 
possible to impart the tissue induction function to 
the surface without materially changing the shape 

w of the porous synthetic polymer material. Since the 
surface of the porous polymer material is thinly 
composited, its shape is not changed by com- 
positing. Therefore, ah area on which the protein or 
peptide is immobilized or an amount of the protein 

is or peptide can be controlled by the porous struc- 
ture of the synthetic polymer material. 

As explained above, since the protein or pep- 
tide is strongly immobilized on the polymer ma- 
terial by the covalent bond, it is not peeled off 

20 during the handling in operation. Since the surface 
unevenness is less than 50 nm, the unevenness 
formed by the compositing does not induce the 
formation of thrombus by the blood rheology so 
that the patency ratio does not decrease after the 

25 grafting. Since, in the composite artificial blood 
vessel of the present invention, the tissue induction 
material is thinly composited only on the surface of 
the porous synthetic polymer material, no protein 
or peptide is present in the voids of the porous 

30 material. Therefore, the coated area and the com- 
posited amount of the protein or peptide can be 
controlled by changing the porous structure of the 
synthetic polymer material. As the result, since the 
contact area of the protein and the blood can be 

35 changed, the composite structure is controlled with 
balancing the thrombus formation due to composit- 
ing and the acceleration effect on the formation of 
the intima. 

In the composite artificial blood vessel of the 
40 present invention, since the whole surface of the 
porous wall is composited with the tissue induction 
material, the tissue component is quickly intro- 
duced from outside the of the artificial blood vessel 
wall and the growth of the intima quickly proceeds 
45 from an anastomotic site. In addition, since protein 
or peptide is strongly and uniformly immobilized by 
the covalent bond, the formed intima will not be 
peeled off and will be present stably for a long 
time. 

50 

PREFERRED EMBODIMENTS OF THE INVEN- 
TION 

Example 1 

55. 

In a mixture of a solution of methyllithium in 
ether (1.4 M) (20 ml) and hexamethylphosphoric 
triamide (2 ml), an EPTFE tube having an average 
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fibril length of 30 urn, a porosity of 72 %, an area 
of the inner surface 'occupied by the resin off 45 
%, an inner diameter of 1.5 mm, an outer diameter 
of 2.5 mm and a length of 10 mm was dipped at 
0*C for 30 minutes in a nitrogen atmosphere, and 
the solution mixture was removed. Then, a solution 
of acrylic acid (1 g) in tetrahydrofuran (20 ml) was 
added and reacted at 60 * C for 10 hours. 

Thereafter, unreacted acrylic acid and polymer- 
ized acrylic acid were washed off to obtain an 
acrylic acid-grafted EPTFE tube. A grafted amount 
of acrylic acid was 45 u.g per 1 cm of the tube. 

An aqueous solution of 0.3 % gelatinated at- 
elocollagen (hereinafter referred to as "GAC") 
which was prepared by thermally denaruring 0.3 % 
solubilized atelocollagen (Nitta Gelation Cellmatrix 
l-P) and 0.3 % 1-ethyi-3-(3-dimethylaminopropyl)- 
carbodiimde was treated with 1 N hydrochloric acid 
to adjust pH at 1.5. To this solution, the above 
prepared acrylic acid-grafted EPTFE tube was dip- 
ped for 24 hours and washed with water to obtain 
the GAC-bonded EPTFE tube. 

The bonded amount of GAC was measured by 
the ninhydrin method to find that 55 ug of GAG 
was bonded per 1 cm of the tube. 

The inner surface of the tube was observed by 
a .scanning electron microscope. The microstruc- 
ture of the fibrils and nodes of EPTFE was com- 
pletely maintained, and the unevenness of the 
composited surface was less than 10 nm. No large 
unevenness which is seen in the coating complex- 
ing method was observed. The composited GAC 
was not peeled off by the handling such as flexing. 

This artificial blood vessel had a tensile 
strength of 3.2 kg and a suture strength of 142 g, 
which were not significantly decreased from the 
values of 3.3 kg and 150 g of the untreated EPTFE. 
and the strength of this artificial blood vessel was 
practically acceptable. The suture strength is a 
load with which the tube is torn when a wire having 
a diameter of 0.2 mm is threaded at a position 3 
^cm apart from the tube end and pulled. 

Each of six treated tubes was inplanted in an 
abdominal aorta of a rat. After three weeks, the 
inside of the porous wall of the artificial blood 
vessel was filled with the tissue components such 
as fibroblasts. A rate of the endothelial cell-cov- 
ered area of the inner wall was 100 % and a 
patency ratio was 100 %. The patency ratio did not 
decrease even after one year, the 100 % patency 
ratio was maintained, the formed intima was stable 
and no deposition such as thrombus was observed. 

Example 2 

In a mixture of a solution of methyllithium in 
ether (1.4 M) (20 ml) and hexamethylphosphoric 
triamide (2 ml), an EPTFE tube having an average 



fibril length of 30 urn, a porosity of 72 %, an area 
of the inner surface occupied by the resin of 45 %, 
an inner diameter of 2.0 mm, an outer diameter of 
3.0 mm and a length of 20 mm was dipped at 0* C 

s for 30 minutes in a nitrogen atmosphere, and the 
solution mixture was removed. Then, a solution of 
acrylic acid (1 g) in tetrahydrofuran (20 ml) was 
added and reacted at 60* C for 10 hours. 

Thereafter,- unreacted acrylic acid and polymer- 

70 ized acrylic acid were washed off to obtain an 
acrylic acid-grafted EPTFE tube. A grafted amount 
of acrylic acid was 45 ug per 1 cm of the tube. 

An aqueous solution of 0.3 % gelatinated at- 
elocollagen (GAC) which was prepared by ther- 

;s maily denaturing 0.3 % solubilized atelocollagen 
(Nitta Gelation Cellmatrix l-P) and 0.3 % 1-ethyl-3- 
(3-dimethylaminopropyl)carbodiimde was treated 
with 1N hydrochloric acid to adjust pH at 1.5. To 
this solution, the above prepared acrylic acid-graft- 

20 ed EPTFE tube was dipped for 24 hours and 
washed with water to obtain the GAC-bonded EP- 
TFE tube. 

The bonded amount of GAC was measured by 
the ninhydrin method to find that 55 ug of GAC 

25 was bonded per 1 cm of the tube. 

The inner surface of the tube was observed by 
a scanning electron microscope. The microstruc- 
ture of the fibers and nodes of EPTFE was com- 
pletely maintained, and the unevenness of the 

30 composited surface was less than 10 nm. No large 
unevenness which is seen in the coating complex- 
ing method was not observed. The composited 
GAC was not peeled off by the handling such as 
flexing. 

35 Each of six treated tubes was inplanted, in a 

carotid artery of a rabbit. After four weeks, the 
inside of the porous wail of the artificial blood 
vessel was filled with the tissue components such 
as fibroblasts. A rate of the endothelial cell-covered 

40 area of the inner wall was 95 % and a patency, ratio 
was 100 %. The patency ratio did not decrease 
even after one year, the 100 % patency ratio was 
maintained, the formed intima was stable and no 
deposition such as thrombus was observed. 

45 

Example 3 



In the same manner as in Example 2, 2- 
hydroxyethyl acrylate was grafted on the same 
so EPTFE tube as used in Exam.ple 2. The grafted 
amount was 65 ug per 1 cm of the tube. 

This tube was dipped in a solution of 2,2,2- 
trifluoroethanesulfonic acid (1 ml) and triethylamine 
(1 ml) in diethyl ether (20 ml) and reacted for 4 
55 hours to introduce the 2,2.2-trifIuoroethanesulfonic 
acid groups on the hydroxyl groups. 

Then, fibronectin (derived from bovine plasma, 
manufactured by Nippon Ham) (5 mg) was dis- 
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solvecLin a sodium carbonate buffer (pH = 7) (20 
mi). In this solution, the above prepared tube was 
dipped for 24 hours and washed with water to 
obtain the fibronectin-bonded EPTFE tube. 

The bonded amount of fibronectin was mea- 
sured by the ninhydrin method to find that 40 ug of 
fibronectin was bonded per 1 cm of the tube. 

The inner surface of the tube was observed by 
a scanning electron microscope. The microstruc- 
ture of the fibers and nodes of EPTFE was com- 
pletely maintained, and the unevenness of the 
composited surface was less than 10 nm. No large 
unevenness which is seen in the coating complex- 
ing method was not observed. The composited 
fibronectin was not peeled off by the handling such 
as flexing. 

Each of six treated tubes was inplanted in a 
carotid artery of a rabbit. After four weeks, the 
inside of the porous wall of the artificial blood 
vessel was filled with the tissue components such 
as fibroblasts. A rate of the endothelial cell-covered 
area of the inner wall was 85 % and a patency ratio 
was 33 % (5/6). The patency radio did not de- 
crease even after one year, the 83 % patency ratio 
was maintained, the formed intima was stable and 
no deposition such as thrombus was observed. 

Example 4 

A polyester knit tube having an average pore 
size of 60 um, a porosity of 60 %, an area of the 
inner surface occupied by the resin of 50 % f an 
inner diameter of 2.0 mm, an outer diameter of 3.0 
mm and a length of 20 mm was subjected to 
hydrolysis with 6N hydrochloric acid to form car- 
boxyl groups. 

An aqueous solution of 0.3 % gelatinated at- 
elocoilagen (GAC) which was prepared by ther- 
mally denaturing 0.3 % solubilized atelocollagen 
(Nitta Gelation Cellmatrix l-P) and 0.3 % 1-ethyi-3- 
(3-dimethylaminopropyl)carbodiimde was treated 
with 1N hydrochloric acid to adjust pH at 1.5. To 
this solution, the above prepared tube was dipped 
for 24 hours and washed with water to obtain the 
GAC-bonded EPTFE tube. 

The bonded amount of GAC was measured by 
the ninhydrin method to find that 25 ug of GAC 
was bonded' per fern of the tube. 

The inner surface of the tube was observed by 
a scanning electron microscope. The shape of the 
polyester fibers was completely maintained, and 
the unevenness of the composited surface was less 
than 10 nm. No large unevenness which is seen in 
the coating complexing method was not observed. 
The composited GAC was not peeled off by the 
handling such as flexing. 

Each of six treated tubes was inplanted in a 
carotid artery of a rabbit. After four weeks, the 



inside of the porous wall of the artificial blood 
vessel was filled with the tissue components such 
as fibroblasts. A rate of the endothelial cell-covered 
area of the inner wall was 95 % and a patency ratio 
5 was' 83 % (5/6). The patency ratio did not decrease 
even after one year, the 83 % patency ratio was 
maintained, the intima was stable and no deposi- 
tion such as thrombus was observed. 

w Comparative Example 1 



Each of the six EPTFE tubes which were the 
same as- that used in Example 1 was inplanted in a 
abdominal aorta of a rat. After three weeks, a 

75 patency ratio was 100 %. But. the tissue compo- 
nents such as fibroblast was hardly introduced in- 
side the porous wall of the artificial blood vessel, 
and a rate of the endothelial cell-covered area of 
the inner wall was 50 %. After one year, the 

20 patency ratio decreased to 67 %, and with the 
tubes having the patency, partial stenosis was ob- 
served. 

Comparative Example 2 

25 

In the inside of the the same EPTFE tube as 
used in Example 1, the same 0.3 % GAC solution 
as that used in Example 1 was injected in vacuo 
and crosslinked with glutaraldehyde, followed by 
30 drying. A composited amount of GAC was 0.2 
mg/cm. 

The inner surface of the tube was observed by 
a scanning electron microscope. The composited 
GAC formed films between the fibrils of EPTFE 

35 partially, and unevenness of 0.5 to 1 um was 
formed on the surface. Some parts of the inner wall 
were not covered by GAC. When this composite 
artificial blood vessel was flexed at a radius of 
curvature of 5 mm repeatedly, GAC was easily 

40 peeled off. 

Each of six treated tubes was inplanted in an 
abdominal aorta of a rat. After three weeks, a 
patency ratio decreased to 67 %, and the endothe- 
lial cell-covered area of the inner wall was 85 % in 

45 the tubes having the patency. After one year, the 
patency ratio was further decreased to 33 %, and 
with the tubes having the patency, the formed 
intima were peeled off and partial stenosis was 
observed. 

50 

Comparative Example 3 

Each of the six EPTFE tubes which were the 
same as that used in Example 2 was inplanted in a 
55 carotid artery of a rabbit. After four weeks, a pa- 
tency ratio was 100 %. However, substantially no 
tissue component such as fibroblast was intro- 
duced inside the porous wall of the artificial blood 
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vessel, and a rate of the encJothelia cell-covered 
area of the inner wall was 50 %. After one year, the 
patency ratio decreased to " 33 %, and with the 
tubes having the patency, partial stenosis was ob- 
served. 

Comparative Example 4 



In the inside of the the same EPTFE tube as 
used in Example 2. the same 0.3 % GAC solution 
as that used in Example 1 was injected in vacuo 
and crosslinked with glutaraldehyde, followed by 
drying. A composited amount of GAC was 0.3 
mg/cm. 

The inner surface of the tube was observed by 
a scanning electron microscope. The composited 
GAC formed films between the fibrils of EPTFE 
partially, and unevenness of 0.5 to 1 urn was 
formed on the surface. Some parts of the inner wail 
were not covered by GAC. When this composite 
artificial blood vessel was flexed at a radius of 
curvature of 5 mm repeatedly, GAC was easily 
peeled off. 

Each of six treated tubes was inplanted in a 
carotid artery of a rabbit. After four weeks, a pa- 
tency ratio decreased to 17 % . 

Fig. 1 is a scanning electron microphotograph 
of an inner surface of the artificial blood vessel of 
Example 1 comprising EPTFE to which gelatinated 
atelocollagen is chemically bonded. 

Fig. 2 is a scanning electron microphotograph 
of an inner surface of the artificial blood vessel of 
Comparative Example 2 comprising EPTFE to 
which gelatinated atelocollagen is coated and cros- 
slinked using glutaraldehyde. 

Fig. 3 is a scanning electron microphotograph 
of an inner surface of the untreated EPTFE artificial 
blood vessel of Comparative Example 1 . 

In the artificial blood vessel of the present 
invention, the gelatinated atelocollagen was thinly 
and uniformly composited and the shape of EPTFE 
was completely maintained, while the conventional 
one had the unevenness of several urn. 

EFFECTS OF THE INVENTION 

As explained above, the surface of the com- 
posite artificial blood vessel of the present inven- 
tion is uniformly composited stably with the ma- 
terial having the tissue induction function by the 
covalent bond without deforming the shape of the 
porous synthetic polymer material. Therefore, by 
the synergistic effect with the porous structure, in 
particular, the porous structure of EPTFE. initial 
thrombus is hardly induced, and the intima is 
quickly formed and remains stably for a long time. 

Accordingly, the composite artificial blood ves- 
sel of the present invention is useful as a substitute 



blood vessel of a small diameter blood vessel such 
as coronary artery, peripheral artery and the like 
with which no conventional material can achieve 
good patency. 

s 

Claims 

1. An artificial blood vessel comprising a tube of 
a porous synthetic polymer on a surface of 
jo which a protein or a peptide having cell adhe- 

sion and growth functions is covalently bonded 
through hydroxyl groups, carboxyl groups, ep- 
oxy groups or amino groups. 

75 2. The artificial blood vessel according to claim 1, 
wherein a rate of a tube inner area which is 
occupied by the synthetic polymer material is 
from 15 to 80 %. 

20 3. The artificial blood vessel according to claim 1. 

wherein said porous synthetic polymer is ex- 
panded polytetrafluoroethylene. 

4. The artificial blood vessel according to claim 1 , 

25 wherein said protein having the cell adhesion 

function is at least one protein selected from 

the group consisting of c»Haggp^gelatin. 

laminirr and fibronectin. 
-^>^-*- ; • 

30 5. The artificial blood vessel according to claim 1 , 
wherein said porous synthetic polymer is ex- 
panded polytetrafluoroethylene, and said 
hydroxyl groups, said carboxyl groups, said 
epoxy groups or said amino groups are formed 

js by defluorination of the surface of said poly- 

tetrafluoroethylene with an alkali metal com- 
pound and introduction of a compound of said 
functional group. 

40 6. The artificial blood vessel according to claim 5, 
wherein said protein is gelatinized atelocol- 
lagen. 

7. The artificial blood vessel according to claim 5, 
45 wherein said alkali metal compound to be used 

for defluorination is methyllithium, n-butyl- 
lithium or tert.-butyilithium, and is used in com- 
bination with hexamethylphosphoric triamide 
for the defluorination of the surface of poly- 
50 tetrafluoroethylene. 
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